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Abstract: Specimens of Oreochromis niloticus (One control and 3 experimental groups) were fed diets mixed with different doses of
mercury (control group = free of mercury; group 1 = 500 mg/kg; group 2 = 750 mg/kg, and group 3 = 1000 mg/kg) for 60 days in order
to study its accumulation and histopathological alterations in the liver, gills, skeletal muscles, and skin. The results obtained revealed
that mercury accumulation was significantly (P < 0.05) high in the liver and gills compared to the muscles and skin. The order of
accumulation in these organs revealed to be liver > gills > muscles > skin. The fish fed various doses of mercury also showed histological
alterations in these organs. Epithelial lifting and epithelial hypertrophy were seen in the gills of the treated fish. Fusion of secondary
lamellae was also apparent. The effects were more pronounced in fish fed high doses (1000 mg/kg). Necrosis of hepatocytes and portal
veins was also observed in the livers of the treated fish. Irregular muscle bundles and irregularly bigger gaps between the muscle
bundles were evident in the skeletal muscles of fish fed diets with mercury, along with some structural changes in the skin of the fish
fed mercury-mixed diets. The results obtained clearly indicate that mercury causes deleterious effects on the different organs of fish at
even low dose (500 mg/kg).
Key words: Mercury, toxicity, accumulation, Oreochromis niloticus, histopathology

1. Introduction
Mercury is highly hazardous to aquatic animals due to its
toxicity and long persistence in the environment (1). It
also has great potential to affect humans and other animals
adversely. This metal is dangerous to the ecosystem and
human population because it causes damage to the central
nervous system (2). Mercury exposure also causes visual
and hearing impairment, and is associated with a lack of
coordination in speech and muscle weakening. Pregnant
women, nursing mothers, and young children may be
at high risk with the residue of mercury in fish. It has
been reported that children whose mother consumed
contaminated fish during pregnancy exhibit a low IQ level
and slowness in the development of motor skills and have
more difficulty in social development. There are three
main sources of mercury: anthropogenic, reemission, and
natural (i.e. volcanoes and geothermal events). Reemission
accounts for 60%, anthropogenic for 30%, and natural
sources about 10% of the total mercury produced.
Different animals ingest Hg from the environment
through the food web and it accumulates in different organs
due to the low rate of biodegradation of its derivatives.

Mercury levels in fish increase through the food chain via
consumption of small plankton as well as through absorption
from the underwater sediment, a nonfood source.
Bioaccumulation of mercury in fish and other seafood
may be carried over to the human population, potentially
causing mercury poisoning. Hg has a strong tendency to
accumulate and biomagnify, generally accumulating as
MeHg. It was reported that its accumulation in the liver and
gonads shows seasonal variations (3) although accumulation
in muscles does not show any change. Hylander et al. (4)
reported higher levels of Hg in different fish species during
the dry season. Luczynska and Krupowski (5), Nicula et
al. (6), and Petra et al. (7) all reported the distribution of
mercury in different tissues of fish.
Humans and other animals are mainly exposed to
mercury through the consumption of contaminated
fish. Mercury was reported to be present in very small
quantities in the sea water where it is absorbed by algae
at the beginning of the food chain (8). These algae are
consumed by fish and other higher organisms in the food
chain. Thus, older fish accumulate higher levels of mercury
than younger fish.
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This review of the literature reveals that many
researchers are engaged in studying the accumulation of
Hg in various tissues of fish and its effects on the different
organs. Some of the notable researchers in this field are
Grieb et al. (9), Jezierska and Witeska (10), Vergilio et al.
(11), and Rajan and Kuzhivelil (12).
In the present investigation, an attempt was made to
study the cellular damage to the gills, liver, muscles, and
skin of Oreochromis niloticus fed a diet supplemented with
mercury chloride. The accumulation of mercury in these
organs was also investigated.
2. Materials and methods
Healthy specimens of male Oreochromis niloticus (total
length 20–25 cm and total weight 35–50 g) were procured
from a fish farm at Mozahmiah, west of Riyadh. They were
transported to the Department of Zoology at King Saud
University in plastic bags filled with oxygen saturated
water. They were kept in large glass aquaria and left for
two weeks to acclimatize to the laboratory conditions.
During this period, they were fed a commercial fish food
to satiety twice a day. The medium in the aquaria was
renewed twice a week. The temperature, pH, dissolved
oxygen, and hardness of the water were tested weekly with
mean values of 24.5 ± 1.05, 7.5 ± 0.75, 6.8 ± 0.8, and 41.5 ±
1.4, respectively. Portable Hanna instruments were used to
determine these parameters.
2.1. Preparation of feed and feeding trial
Three different doses (500 mg/kg, 750 mg/kg, and 1000 mg/
kg) of mercury mixed in the feed were given to Oreochromis
niloticus for sixty days. The selection of experimental
groups and the number of fish and doses and duration of
exposure were based on our previous investigation (13).
A commercial fish feed with 35% crude protein was used
in the present study. The fish feed was bought from a fish
feed factory (Arasco, Riyadh) and was smashed by adding
water. The mercury chloride was dissolved in this water
at the rate mentioned above. Care was taken to mix the
mercury uniformly in the feed. The food pellets were then
prepared, dried, and kept for feeding trials. Two hundred
and forty fish of the same weight and length were kept in
12 aquaria with 20 fish in each aquarium after registering
their weight and length. They were divided in a control
and three experimental groups. The control group was
given feed free of mercury. The first, second, and third
experimental groups were fed with the feed-containing
mercury at the rates of 500 mg/kg, 750 mg/kg, and 1000
mg/kg mercury, respectively. The experiment was run for
60 days and in triplicates. The feed was given to fish at the
rate of 3% of body weight. The weight and length of the
fish of each group were recorded every fortnight.
2.2 Preparation of histological slides
After sixty days, the fish were measured for total length
and total body weight and sacrificed. Their liver, gills, skin,

and muscles were collected in vials and fixed in formalin
in order to prepare the slides to study the cellular changes
in these organs. Sectioning, dehydration, and staining
of these organs were done in the department of Zoology,
King Saud University, Saudi Arabia.
2.3. Mercury analysis
Tissues of these organs were also collected separately
for the analysis of total mercury. Six samples of each
organ from each concentration, including the control,
were collected (two samples from each replicate). These
samples were kept frozen at –20 °C until the analysis was
performed. All samples of both the control and the treated
fish were subjected to strong acid (HNO3 and H2SO4)
digestion following the method described by Bastos et al.
(14). The total Hg concentrations were quantified using a
Varian ICP-AES (Liberty II) (Varian Inc., Palo Alto, CA,
USA) with a cold vapour generating accessary (VGA77). The sample prepared after acid digestion is pumped
into a nebulizer where it is converted into fine aerosol
by a stream of argon. The aerosol enters in the plasma
through plasma torch. Element-specific emission spectra
are produced by radio frequency inductive couple plasma.
A grating spectrometer disperses these spectra and the
intensities of the line spectra are monitored at specific
wavelength by a photosensitive device. The photocurrent
from the photosensitive device were then controlled
and processed by a computer. The computer was used to
work out spectral background correction, preparation
of calibration graph and calculation of results. The
instrumental conditions were: power = 1.0 kW, plasma gas
flow = 12 L/min, axillary gas flow = 0.75 L/min, nebulizer
type = glass concentric, pump rate = 15 rpm, background
correction = automatic, grating order = default, and filter
position = default. The validation of the method and the
functioning of the apparatus used were tested through
the analysis of chemical blank and DORM-1 (Squalus
achantias muscle tissue), a certified reference material
supplied by the Marine Analytical Chemistry Standards
Program, Canada. The total mercury value in the reference
material was 0.798 ± 0.074 mg/kg and the obtained one
was 0.789 ± 0.071 mg/kg. The recovery rate was 98.87%.
The data obtained in the present study were subjected
to one way analysis of variance (ANOVA) using the
program Excel Statistics to see the differences among
various groups. The metal contents in different organs
were subjected to the Tukey–Kramer multiple comparison
test (Instat) to find the significance in variations among
the organs.
3. Results
Accumulation of metals was significantly higher (P < 0.05)
in the liver compared to the skin and muscles (Table). The
level of accumulation of Hg in the gills was the second
highest among the investigated organs. The results of the
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Table. Concentration of total mercury (mg/kg) in different organs of Oreochromis niloticus fed with different levels of mercury
chloride. Values are mean and ± standard error.

Organs

Levels of mercury in the diets of the fish
1000 mg/kg

Significance
(P < 0.05)

a

0.457 ± 0.016

0.683 ± 0.014a

**

0.357 ± 0.012a

0.503 ± 0.016b

**

0.033 ± 0.019

0.041 ± 0.009

0.058 ± 0.016

**

0.046 ± 0.001

0.068 ± 0.002

0.085 ± 0.002

**

Control

500 mg/kg

Liver

0.015 ± 0.014

0.276 ± 0.012

Gills

0.012 ± 0.019

0.223 ± 0.023a

Skin

0.002 ± 0.012

Muscles

0.002 ± 0.002

b
b

750 mg/kg
a

b
b

b
c

c
d

** The values in rows show the overall significant difference (P < 0.05).
The values in column with different letters show significant difference (P < 0.05)

present study showed that the muscles and skin of the
exposed fish accumulated less Hg than the other organs
(Table). The sequence of accumulation of metal registered
was the liver > gills > muscles > skin. In all organs, the
levels of metal was significantly (P < 0.05) higher than
those of the control. In this study, the exposed fish showed
mercury-induced histopathological changes in the muscles
and skin which are more severe at higher doses than at
low ones. Figure 1a showed normal arrangements of the
muscle bundles in the control fish but in the fish treated
with low dose (500 mg/kg) of mercury showed small
gaps between the muscle bundles (Figure 1b). Sections
of skeletal muscles of the fish exposed to higher doses
showed bigger gaps between the muscle bundles (BG)
and irregular muscle bundles (IB) (Figures 1c and 1d).
Normal structure of the fish skin is presented in Figure
2a. Prominent changes were registered in the epidermis,
dermis, scale pocket, and skeletal muscles in the skin of
the treated fish (Figures 2b–2d), especially in those fish
that were treated with high doses (750 mg/kg and 1000
mg/kg). Disruption (Dsm) and haemorrhage were also
seen in the skeletal muscles (Hem) of the skin. Gills of
the untreated fish showed a normal arrangement of gill
lamellae (Figure 3a). Gills of the exposed fish showed focal
proliferation, and fusion of secondary lamellae was also
apparent (Figures 3b–3d). Vacuolization in epithelial cells
was also seen. The normal liver showed a conventional
compact organization, where the hepatic cells presented
a distinctive distribution of cytoplasm and nuclear
morphology (Figure 4a), mercury treatment induced
changes in the organization of hepatic tissues (Figures 4b–
4d) and in cellular morphology. Treatment with Hg also
led to congestion of the blood vessels and degradation of
hepatic parenchyma (Pv and Cd).
4. Discussion
Uptake of metals by the animals or organs and the sensitivity
of animals to toxicant exposure are highly variable and
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depend on many factors such as the concentration of
metals in the environments as well as in the diet, the age
of the fish, the size of the fish, the physiological status of
fish, their habitat preference, feeding behaviour, and rate
of growth (15). The concentration levels of metals in fish
tissue are also affected by the position of the fish in the food
chain, its size and age (16) and the duration of exposure
(17). According to previous studies (6,10,18), the affinity
of metals with specific organs seems to vary. For example,
it seems that the liver, kidney, and gills are the main organs
for the accumulation of metals in fish exposed to toxicants.
The source of Hg in the present study was a
contaminated diet rather than being waterborne, but the
gills receive Hg through blood circulation and the metal
is probably transported to the gills for excretion. The level
of mercury in the gills of the treated fish in the present
investigation was the second highest and the reason for
this may be the factors mentioned above. The order of
metal accumulation registered in the present study was
liver > gills > skin > muscles. High levels of mercury in the
gills of the Hg-treated fish were also reported by Vergilio et
al. (11), Liao et al. (19), Oliveira et al. (20), and Chavan and
Muley (21), and they support the present study. de Jesus et
al. (22) also reported significantly high levels of mercury
in the gills of treated fish. They argued that the mercury
is transported to the gills through blood for the excretion
and this also supports our study. Menon and Mahajan (23)
reported increased levels of mercury in gills and skin of the
fish treated with waterborne mercury and suggested that
the fish accumulate more mercury due to direct contact
with the pollutant. The content of mercury in the gills was
also related to the level of the metals treatment. The level
of mercury definitely has an effect on the distribution of
metal in fish and depends upon the differential affinity
of metals to various tissues of fish of different species.
As mentioned by Jezierska and Witeska (10), metals are
rapidly eliminated from the gills. Fluctuations in the level
of metals in food, and the availability of food and feeding
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Figure 1. (H&E stain X100). Skeletal muscles of O. niloticus fed a diet with different concentrations of
mercury. (a) Control: showing normal skeletal muscle bundles (N); (b) Fish fed a diet with 500 mg/kg
mercury, showing small gaps in the skeletal muscle bundles (Smg); (c) Fish fed a diet with 750 mg/kg
mercury, showing bigger gaps in the skeletal muscle bundles (BG); (d) Fish fed a diet with 1000 mg/kg
mercury, showing irregular skeletal muscle bundles (IB) and irregular bigger gaps (BG).

rates are well documented as contributing to the variations
in the dietary metal intake, affecting the accumulation of
metals in different tissues.
Jezierska and Witeska (10) were of the opinion that
the liver can be a good monitor of metal pollution since
the storage of metals in this organ is generally in line with
the concentration present in the environment. They also
argued that metals in the liver increase quickly during the
treatment. The highest level of mercury reported in the
liver in the present investigation is similar to the results
reported by many researchers (11,19,21,22,24). Abreu et
al. (25), meanwhile, reported that about twice as much
mercury accumulated in the liver as in the muscles.
Gonzalez et al. (26) reported a larger quantity of mercury
(Hg) in fish’s livers than in their muscles (in Carassius
auratus and Dario rerio). The high level of accumulation
in the liver may be due to its metabolic rate. Dragun et
al. (27) reported that the metabolic rate influences the
metal uptake in fish, while Driedger et al. (28) stated
that temperature, photoperiod, and ration also play an

important role in the accumulation of metals in the
tissues, reporting higher uptake of metals in fish exposed
to mining effluent kept at a lower temperature than in fish
at a higher temperature. Due to its high metabolic activity,
the liver is supposed to have the ability to accumulate a
larger quantity of pollutants from the environment and
also to govern the storage, redistribution, detoxification,
and transportation of toxicants (29). Allison et al. (30)
suggested that temperate fishes will accumulate relatively
high levels of mercury (up to 0.5 mg/kg wet weight).
Contrary to this, Menon and Mahajan (23) reported low
levels of mercury in the liver of the treated fish and related
it to the elimination of mercury or detoxification.
The muscles accumulate lower levels of metals
compared to other organs like the liver, kidney, gills,
food canal, gonads, bone, and brain but are frequently
examined for metal levels because they are consumed by
humans. In the present study, low levels of metal were
recorded in the muscles. Similar observations were also
reported by Liao et al. (19), which lends support to the
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Figure 2. (H&E stain X100). Skin of O. niloticus fed diets with different concentrations of mercury (a)
Control: showing normal structure of the epidermis (Ed), dermis (De), scale pocket (Sp), scale (Sc,)
and skeletal muscles (sm); (b) Fish fed a diet with 500 mg/kg mercury, showing normal epidermis (Ed),
dermis (De), scale pocket (Sp), and chromatophores (ch); (c) Fish fed a diet with 750 mg/kg mercury,
showing epidermis (Ed), dermis (De), scale pocket (Sp), and blood haemolysis (Hem) in the skeletal
muscles; (d) Fish fed a diet with 1000 mg/kg mercury showing epidermis (Ed), dermis (De), scale pocket
(Sp), and disintegration of the skeletal muscles (Dsm).

present observation. The amount of Hg absorbed through
the digestive tract seems therefore to be transferred to
the liver rather than to the muscles or skin. Nonetheless,
muscles have a low level of metal, as reported by Vergilio
et al. (11) and in the present investigation. Contrary to
the present investigation, some authors like Menon and
Mahajan (23) and Luczyriska and Kruposki (31) registered
high levels of mercury in the muscles and skin of Hgtreated fish. Moreover, Hg concentration in muscle should
be monitored frequently because it is closely associated
with the risks of Hg contamination to human through fish
consumption.
Many histopathological alterations observed in the
present study were described by other researcher in
the past. For example, Flores-Lopes and Thaomas (32)
reported severe pathological alterations in Astyanax
fasciatus and Cyanocharax alburnus in polluted water.
Camargo and Martinez (33) showed histopathological
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alterations in the gills, liver, and kidneys of Prochilodus
lineatus in a contaminated environment, and Rajan and
Kuzhivelil (12) reported that mercury causes cellular
changes in the testes of Rasbora dandia. Alterations in
the muscles and kidneys of tilapia, and in several other
species of the fish exposed to heavy metals were described
by Oliveira-Ribeiro et al. (20), Gupta and Srivastava (34),
and Kaoud and El-Dahshan (35); their findings are in
line with those of the present investigation. Vergilio et
al. (36) reported that mercury causes more severe effects
on fish (testes) when the exposure time is prolonged.
It is believed that mercury exerts a cytotoxic effect and
disrupts the endocrine function of fish (37). The skin,
which constitutes the external boundary of the fish, is
generally covered with slimy mucus in fish exposed to
toxicants (38), and prolonged exposure causes erosion
in the skin surface due to depleted production of mucus
caused by the loss of mucus cells. Sloughing off of the
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Figure 3. (H&E stain X100). Longitudinal section of the gills of O. niloticus fed diets with different doses
of mercury. (a) Control: showing normal gill filaments (Gf) and secondary lamellae (SL); (b) Fish fed a
diet with 500 mg/kg mercury, showing blood congestion (Bc) in the secondary lamellae; (c) Fish fed a
diet with 750 mg/kg mercury, showing blood congestion (Bc), fusion of secondary lamellae (Fsl), and
epithelial hypertrophy (Eh); (d) Fish fed a diet with 1000 mg/kg mercury, showing epithelial hypertrophy
(Eh) causing clubbing and fusion of secondary lamellae.

skin surface, causing haemorrhage in the skin of toxicantexposed fish, was reported by Chandra and Banerjee (39).
Similar to the present investigation, changes in the skin of
fish were reported by Alabaka et al. (40) after the exposure
of fish to toxicants. Previous investigations reporting the
effects of Hg on the gills of fish (19,20) registered similar
alterations to those described in the present investigation.
Hyperplasia of gill epithelium, fusion of gill filaments,
and vessel dilatation observed in the present study was
also reported by Bantu et al. (41), which supports this
study. The alterations in the liver registered in the present
investigation are similar to those reported by Liao et al.
(19), Oliveira-Ribeiro et al. (20), and Mela et al. (42). Some
of the changes observed in the present investigation were
also registered in fish exposed to other metals (43). These

changes clearly indicate that the liver can be used as a
sensitive tool to evaluate the damage caused by toxicants.
The results of present investigation revealed that the
accumulation of total mercury showed variations both
between the groups and among the organs. The vital
organs like liver and gills of fish were found to contain
significantly higher quantities of total mercury than the
muscles and skin. The content of mercury in the liver was
close to that in the gills; and in the muscles, it was close to
that in the skin of the fish. It can also be concluded that
mercury induces cytological and histological alterations
in vital and nonvital organs of fish. The organs studied
(liver, gills, muscles, and skin) showed various alterations
in cellular organization causing disturbance in body
functions of the exposed fish. Mercury-induced changes
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Figure 4. (H&E stain X100). Liver sections of O. niloticus fed diets with different levels of mercury (a) Control:
showing a normal liver with normal portal vein (Pv), sinusoids (Si) and cords; (b) Fish fed a diet with 500 mg/
kg mercury, showing a liver section with a normal portal vein (Pv), portal artery (Ar) and bile ducts (Bd); (c)
Fish fed a diet with 750 mg/kg mercury, showing disintegration and necrosis (Cd) of the portal vein (Pv) and
bile duct (Bd) tissues; (d) Fish fed a diet with 1000 mg/kg mercury, showing necrosis of hepatocytes (Hcn) and
disintegration and necrosis of portal vein (Pv) tissues.

in the organization of hepatic tissues and in cellular
morphology may also affect the vital functions of the
liver. Prominent and dose-dependent changes in the skin
and muscles were also registered in the fish treated with
mercury.
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